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Abstracts 
Objectives: We assessed whether combination of summed stress scores 
(SSS) using exercise myocardial perfusion SPECT (Ex-SPECT) and a 
maximal heart rate accurately predicts cardiac events as a sub-analysis of 
J-ACCESS (Japanese Assessment of Cardiac Events and Survival Study by 
Quantitative Gated SPECT) which was conducted to evaluate the prognosis 
in Japanese patients with suspected ischemic heart diseases.  
Methods: In J-ACCESS, 2,373 patients with suspected coronary artery 
disease without beta-blockers treatment underwent Ex-SPECT. These 
patients were categorized as following 4 groups: Group A (achieve target 
heart rate (THR) and SSS<4: n=631), B (not achieve THR and SSS<4: 
n=612), C (achieve THR and SSS≥4: n=570), and D (not achieve THR and 
SSS≥4: n=560). We evaluated the incidence rate of cardiac events 
including cardiac death, myocardial infarction, and heart failure for 
requiring hospital admission for 3 years.  
Results: In patients with group A, B, C, and D, 9 of 631 (1.4%), 15 of 612 
(2.4%), 23 of 570 (4.0%) and 30 of 560 (5.4%) patients experienced 
cardiac events, respectively. Although the hazard ratio of the SSS ≥  4 was 
2.45 (p<0.001) and that of the attained THR was 0.69 (p=0.10) in the 
multiple Cox regression analysis, Kaplan-Meier curves showed that the 
cardiac events rate was lower in the order of A, B, C and D (p<0.001).  
Conclusions: The combination of SSS using Ex-SPECT and the maximal 
heart rate is the useful predictor of cardiac events in patients with suspected 
coronary artery disease.  
Introduction 
Nuclear medicine guidelines in the USA have approved prognostic 
evaluation with myocardial perfusion SPECT and recognize the additional 
value of gated studies [1]. Although the prognostic values of both normal 
and abnormal SPECT findings in terms of event rates per year has been 
described, a large-scale investigation has not been conducted in a Japanese 
population. Accordingly, a multicenter study was conducted to establish a 
Japanese database called the Japanese Assessment of Cardiac Events and 
Survival Study by Quantitative Gated SPECT (J-ACCESS investigation) [2, 
3]. In a total of 4,629 patients with suspected coronary artery disease, gated 
stress/rest myocardial perfusion SPECT was performed. Then, this trial 
disclosed that large myocardial perfusion defects and decreased cardiac 
function could be predictors of high event rates in these patients [3]. 
Furthermore, some sub-analyses of the J-ACCESS were performed, and 
impressive results were reported [4-7]. Imamura et al. demonstrated that 
normal myocardial perfusion scan portends a benign prognosis independent 
from the pretest probability of coronary artery disease [4]. Momose et al. 
disclosed that myocardial perfusion imaging with Quantitative Gated 
SPECT (QGS) is the useful tool with which to guide decisions regarding 
therapy even among patients referred for coronary angiography [5]. 
Meanwhile, the variables obtained by exercise tests have not been 
focused on in previous sub-analyses. For example, an attenuated heart rate 
response to exercise has been shown to predict adverse cardiac events in 
the subjects with or without known cardiovascular disease [8-11]. This 
chronotropic incompetence has also been associated with an increased left 
ventricular mass, left ventricular cavity dilatation [12, 13], and carotid 
atherosclerosis [14]. Therefore, additional information regarding a maximal 
heart rate during exercise testing may improve a predictive value for 
cardiac events. Accordingly, we investigated whether the combination of 
summed stress scores (SSS) using exercise myocardial perfusion SPECT 
images and the heart rate at the end of exercise testing more accurately 
predict cardiac events as a sub-analysis of J-ACCESS. 
 Patients and Methods 
The principal design of the J-ACCESS study has been described [2, 
3]. In brief, a total of 4,629 consecutive patients were registered at 117 
hospitals. The patients underwent stress and rest myocardial perfusion 
SPECT using 99mTc-tetrofosmin and quantitative gated SPECT with QGS 
software (Cedars Sinai Medical Center, CA, US) and were followed up 
for 3 years. Quantitative gated SPECT data were analyzed using QGS 
software and a standard processing method. The SPECT images were 
divided into 20 segments, and visual perfusion of 99mTc-tetrofosmin 
uptake in each segment was scored as follows: 0, normal; 1, mildly 
reduced; 2, moderately reduced; 3, severely reduced and 4, absent [15, 16]. 
SSS and summed rest scores (SRS) were calculated based on the stress and 
rest findings. The severity of myocardial perfusion defects was defined 
with four grades of category (0, I, II and III) using summed scores: normal 
(score 0-3) and mildly (4-8), moderately (9-13) or severely (≥14) abnormal, 
respectively [15, 17].  
In patients who underwent sign- and symptom-limited exercise 
testing, their heart rates were continuously monitored with a twelve-lead 
ECG. Patients were encouraged to reach 85% of maximal age-predicted 
heart rate (target heart rate; THR) or more. The exercise was terminated 
when subjects reached the THR or had the following signs and/or 
symptoms: chest pain, dyspnea, leg fatigue, hypertension (systolic blood 
pressure > 230 mmHg), hypotension, faintness, significant ST-T change 
and dangerous arrhythmia.  
There were a total of 4,031 patients analyzed in the main J-ACCESS 
trial. Patients who underwent pharmacological stress testing or took β 
blockades were excluded from the present analysis. Since the other 8 
patients were excluded because of missing data on exercise tests, the final 
prognostic findings were derived from the remaining 2,373 patients (Fig 1). 
For the analysis, patients were divided into following 4 groups. Group A 
was consisted of 631 patients who achieved their THR with SSS < 4, Group 
B was consisted of 612 patients who failed to achieve their THR with SSS 
< 4, Group C was consisted of 570 patients who achieved the THR with 
their SSS ≥ 4, and Group D was consisted of 560 patients who failed to 
achieve their THR with SSS ≥ 4. Clinical characteristics of these patients 
group were shown in Table 1. We evaluated the occurrence of major 
cardiac events (cardiac death, non-fatal myocardial infarction, and heart 
failure for requiring hospital admission) for 3 years as previously reported. 
Data are expressed as averages +/- standard deviation (SD) of 
continuous variables. Differences in baseline characteristics among groups 
were tested with the ANOVA to continuous variables and the chi-square 
test to categorical variables. The incidence proportions were calculated 
using the Kaplan-Meier method and compared with a log-rank test. The 
hazard ratio and 95% confidence intervals (CI) were also estimated using 
the multiple Cox regression analysis adjusted by SSS, attained THR, left 
ventricular ejection fraction, and diabetes mellitus. Statistical significance 
was defined as P <0.05. 
 Results 
Among 2,373 patients followed up for 3 years, a total of 94 (4.0 %) 
patients developed major cardiac events that comprised 28 cardiac deaths, 
33 non-fatal myocardial infarctions and 33 hospital admission for heart 
failures. In patients with the group A, B, C, and D, 9 of 631 (1.4%), 15 of 
612 (2.4%), 23 of 570 (4.0%) and 30 of 560 (5.4%) patients experienced 
major cardiac events, respectively. Furthermore, 2 of 631 (0.3%), 4 of 612 
(0.7%), 6 of 570 (1.1%), and 16 of 560 (2.9%) patients experienced cardiac 
deaths, and 6 of 631 (1.0%), 7 of 612 (1.1%), 9 of 570 (1.6%), and 11 of 
560 (2.0%) patients experienced non-fatal myocardial infarctions, and 2 of 
631 (0.3%), 5 of 612 (0.8%), 13 of 570 (2.3%), and 13 of 560 (2.3%) 
patients experienced heart failures requiring hospital admission, 
respectively (Fig 2). As shown in Fig 3, Kaplan-Meier curves for major 
cardiac events revealed that the major cardiac events rate for 3 years was 
lower in the order of A, B, C and D (p<0.001). In the multiple Cox 
regression analysis, the hazard ratio of the SSS ≥ 4 was 2.45 (CI: 1.51 to 




ACC/AHA/ASNC guidelines for the clinical use of cardiac 
radionuclide imaging indicate that cardiac nuclear tests are best applied for 
risk stratification in patients with a clinically intermediate risk of a 
subsequent cardiac event [1]. Since many of the major determinations of 
prognosis in ischemic heart disease can be assessed by measurements of 
stress-induced perfusion and function, normal stress perfusion SPECT 
results are consistently predictive of a less than 1 % annual risk of cardiac 
death or myocardial infarction [1]. Especially, the annual rates of cardiac 
events were significantly lower in Japan than in the western countries. The 
original J-ACCESS trial identified 0.5% of hard cardiac events per year for 
Japanese patients with normal SSS. Moreover, SSS category was only one 
valuable index obtained by perfusion images as a significant predictor for 
cardiac events by the Cox multivariate analysis [3]. Ischemic changes of 
ECG during exercise testing, however, were not a significant predictor for 
major cardiac events [3]. 
Otherwise, it has been well known that chronotropic incompetence, 
which is defined as the failure to achieve 85% of the maximal 
age-predicted heart rate during the exercise test, is an independent predictor 
for cardiovascular events [18-20]. Then we focused on this phenomenon in 
the present study, and the enrolled patients were classified into 4 groups 
such as the normal heart rate response or not, and the normal perfusion 
images or not. But, the underlying mechanism of an attenuated heart rate 
response to exercise has not been clarified. Since the maximal heart rate 
reflects exercise tolerance, failure to achieve the THR may combine with 
physical unfitness. Myers studied a total of 6,213 consecutive men referred 
for treadmill exercise testing [21]. Patients, who died during a follow-up 
period, had a lower maximal heart rate, lower maximal systolic and 
diastolic blood pressure, and lower exercise capacity [21]. The abnormal 
contraction of an ischemic ventricle may stimulate ventricular 
mechanoreceptors and thereby increase vagal activation, which tends to 
oppose a sympathetically-mediated increase in heart rate. Other proposed 
explanations include abnormal cardiovascular autonomic control [22-24], 
such as β receptor down-regulation in sinus node caused by a 
chronically-heightened sympathetic activation and reduced carotid 
baroreflex sensitivity [24]. In addition, a recent research indicated that 
impaired chronotropic response associated with endothelial dysfunction 
and enhanced systemic inflammation [22]. These findings may partly 
explain the mechanism of chronotropic incompetence as a predictor of 
cardiovascular risks.  
In patients with cardiac death, a significant difference was observed 
between group C and D. On the other hand, this tendency was not observed 
in patients with myocardial infarction or cardiac failure. Incidence of heart 
failure of group C and D was significantly higher than that of group A. 
Because the higher SSS (group C and D: SSS ≥ 4 ) reflected their low 
cardiac function and severe ischemia compared with those of group A or B 
(SSS < 4), the higher incidence of heart failure may occur in group C and D. 
Furthermore, serial angiographic studies indicated that coronary occlusion 
and acute myocardial infarction most frequently evolved from mild to 
moderate stenoses [25-27]. Accordingly, myocardial perfusion SPECT 
images with the exercise test, which are useful to detect moderate or severe 
coronary stenoses, may be not able to predict the onset of acute myocardial 
infarction accurately. Moreover, although chronotropic incompetence itself 
was not an independent predictor for cardiac events in this sub-analysis, 
other variables reflecting exercise tolerance precisely such as the anaerobic 
threshold or maximal oxygen consumption instead of the maximal heart 
rate may predict for cardiac events.  
In this sub-analysis, however, it should be noticed that the high-risk 
group of cardiac death (group D) could be identified by the combination of 
the SSS and the maximal heart rate. Since the combination of the SSS 
obtained by exercise myocardial perfusion SPECT images and the maximal 
heart rate during exercise test may reflect the cardiac ischemia and function 
from different viewpoints, this classification and combination may predict 
cardiovascular events more accurately.  
Limitations 
     Several limitations in the present study should be noted. First, since 
this analysis was post-hoc and patients who underwent pharmachological 
stress testing and took β blockades were excluded, this study population 
and number of cardiovascular events may not be enough to analyze the 
influence of SSS and THR on these events. Although we failed to clarify 
that chronotropic incompetence itself was an independent predictor for the 
major cardiac events, it may be caused by this reason. But, it should be 
noted that the combination of the data obtained from high-tech 
examinations such as the SSS of SPECT images with low-tech 
examinations such as the maximal heart rate of the exercise testing 
contributed to improve the predictive capability of the cardiac events. 
Second, evaluation of all SPECT images at a core center was not 
practically feasible. Then, SSS was scored at the participating institute. 
Although, the staffs of image interpretation were repeatedly trained, 
reduction of inter-institute variation may not be absolutely enough. In 
addition, although a 20-segment model was used to score SSS or SRS, this 




The maximal heart rate obtained by exercise testing combined with 
SSS using exercise myocardial SPECT is the useful predictor of cardiac 
events in patients with suspected coronary artery disease. 
References 
1) Klocke FJ, Baird MG, Lorell BH, Bateman TM, Messer JV, Berman DS, 
et al; American College of Cardiology; American Heart Association Task 
Force on Practice Guidelines; American Society for Nuclear Cardiology. 
ACC/AHA/ASNC guidelines for the clinical use of cardiac radionuclide 
imaging--executive summary: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines 
(ACC/AHA/ASNC Committee to Revise the 1995 Guidelines for the 
Clinical Use of Cardiac Radionuclide Imaging). Circulation. 2003; 108: 
1404-18.  
2) Kusuoka H, Nishimura S, Yamashina A, Nakajima K, Nishimura T: 
Surveillance study for creating the national clinical database related to 
ECG-gated myocardial perfusion SPECT of ischemic heart disease: 
J-ACCESS study design. Ann Nucl Med. 2006; 20: 195-202. 
3) Nishimura T, Nakajima K, Kusuoka H, Yamashina A, Nishimura S: 
Prognostic study of risk stratification among Japanese patients with 
ischemic heart disease using gated myocardial perfusion SPECT: 
J-ACCESS study. Eur J Nucl Med Mol Imaging. 2008; 35: 319-28.  
4) Imamura Y, Fukuyama T, Nishimura S, Nishimura T; on behalf of the 
Japanese Assessment of Cardiac Events and Survival Study (J-ACCESS): 
Normal myocardial perfusion scan portends a benign prognosis 
independent from the pretest probability of coronary artery disease. 
Sub-analysis of the J-ACCESS study. J Cardiol. 2009; 54: 93-100. 
5) Momose M, Nakajima K, Nishimura T: Prognostic significance of stress 
myocardial gated SPECT among Japanese patients referred for coronary 
angiography: A study of data from the J-ACCESS database. Eur J Nucl 
Med Mol Imaging. 2009; 36: 1329-37. 
6) Matsuo S, Nakajima K, Horie M, Nakae I, Nishimura T: J-ACCESS 
Investigators.: Prognostic value of normal stress myocardial perfusion 
imaging in Japanese population. Circ J. 2008; 72: 611-7. 
7) Nakajima K, Kusuoka H, Nishimura S, Yamashina A, Nishimura T: 
Prognostic value of myocardial perfusion and ventricular function in a 
Japanese multicenter cohort study (J-ACCESS): the first-year total events 
and hard events. Ann Nucl Med. 2009; 23: 373-81. 
8) Savonen KP, Kiviniemi V, Laukkanen JA, Lakka TA, Rauramaa TH, 
Salonen JT, et al.: Chronotropic incompetence and mortality in 
middle-aged men with known or suspected coronary heart disease. Eur 
Heart J. 2008; 29: 1896-902.  
9) Bruce RA, DeRouen TA, Hossack KF: Value of maximal exercise tests 
in risk assessment of primary coronary heart disease events in healthy men. 
Five years' experience of the Seattle heart watch study. Am J Cardiol. 1980; 
46: 371-8. 
10) Lauer MS, Francis GS, Okin PM, Pashkow FJ, Snader CE, Marwick 
TH: Impaired chronotropic response to exercise stress testing as a predictor 
of mortality. JAMA. 1999; 281: 524-9. 
11) Jouven X, Empana JP, Schwartz PJ, Desnos M, Courbon D, 
Ducimetière P:  Heart-rate profile during exercise as a predictor of sudden 
death. N Engl J Med. 2005; 352: 1951-8. 
12) Lauer MS, Okin PM, Anderson KM, Levy D: Impact of 
echocardiographic left ventricular mass on mechanistic implications of 
exercise testing parameters.  Am J Cardiol. 1995; 76: 952-6. 
13) Lauer MS, Larson MG, Evans JC, Levy D: Association of left 
ventricular dilatation and hypertrophy with chronotropic incompetence in 
the Framingham Heart Study. Am Heart J. 1999; 137: 903-9. 
14) Jae SY, Fernhall B, Heffernan KS, Kang M, Lee MK, Choi YH, et al.: 
Chronotropic response to exercise testing is associated with carotid 
atherosclerosis in healthy middle-aged men. Eur Heart J. 2006; 27: 954-9. 
15) Hachamovitch R, Berman DS, Shaw LJ, Kiat H, Cohen I, Cabico JA, et 
al.:Incremental prognostic value of myocardial perfusion single photon 
emission computed tomography for the prediction of cardiac death: 
differential stratification for risk of cardiac death and myocardial infarction. 
Circulation. 1998; 97: 535-43.  
16) Berman DS, Abidov A, Kang X, Hayes SW, Friedman JD, 
Sciammarella MG, et al.: Prognostic validation of a 17-segment score 
derived from a 20-segment score for myocardial perfusion SPECT 
interpretation. J Nucl Cardiol. 2004; 11: 414-23. 
17) Sharir T, Germano G, Kavanagh PB, Lai S, Cohen I, Lewin HC, et al.: 
Incremental prognostic value of post-stress left ventricular ejection fraction 
and volume by gated myocardial perfusion single photon emission 
computed tomography. Circulation. 1999; 100: 1035-42. 
18) Oliveira JL, Góes TJ, Santana TA, Travassos TF, Teles LD, 
Anjos-Andrade FD, et al.: Chronotropic incompetence and a higher 
frequency of myocardial ischemia in exercise echocardiography. 
Cardiovasc Ultrasound. 2007; 5: 38. 
19) Ellestad MH: Chronotropic incompetence. The implications of heart 
rate response to exercise (compensatory parasympathetic hyperactivity?) 
Circulation. 1996; 93: 1485-7 
20) Dresing TJ, Blackstone EH, Pashkow FJ, Snader CE, Marwick TH, 
Lauer MS.: Usefulness of impaired chronotropic response to exercise as a 
predictor of mortality, independent of the severity of coronary artery 
disease. Am J Cardiol. 2000; 86: 602-9. 
21) Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE.: 
Exercise capacity and mortality among men referred for exercise testing. N 
Engl J Med. 2002; 346: 793-801. 
22) Routledge HC, Townend JN.: Why does the heart rate response to 
exercise predict adverse cardiac events? Heart. 2006; 92: 577-8.  
23) Sandvik L, Erikssen J, Ellestad M, Erikssen G, Thaulow E, Mundal R, 
et al.: Heart rate increase and maximal heart rate during exercise as 
predictors of cardiovascular mortality: a 16-year follow-up study of 1960 
healthy men. Coron Artery Dis. 1995; 8: 667-79. 
24) Kaplan JM, Okin PM, Kligfield P.: The diagnostic value of heart rate 
during exercise electrocardiography. J Cardiopulm Rehabil. 2005; 25: 
127-34. 
25) Nobuyoshi M, Tanaka M, Nosaka H, Kimura T, Yokoi H, Hamasaki N, 
Kim K, et al: Progression of coronary atherosclerosis: is coronary spasm 
related to progression? J Am Coll Cardiol. 1991; 18: 904-10. 
26) Ambrose JA, Tannenbaum MA, Alexopoulos D, Hjemdahl-Monsen CE, 
Leavy J, Weiss M,  et al: Angiographic progression of coronary artery 
disease and the development of myocardial infarction. J Am Coll Cardiol. 
1988; 12: 56-62. 
27) Giroud D, Li JM, Urban P, Meier B, Rutishauer W.: Relation of the site 
of acute myocardial infarction to the most severe coronary arterial stenosis 
at prior angiography. Am J Cardiol. 1992; 69: 729-32. 
Figure Legends 
Fig 1: The enrolled patients to the present subanalysis of J-ACCESS 
 
Table 1: Characteristics of participating patients in the present subanalysis 
of J-ACCESS. Group A: attained their target heart rate (THR) and their 
summed stress score (SSS) < 4, Group B: not achieved their THR and their 
SSS < 4, Group C: attained their THR and their their SSS ≥ 4, and Group 
D: not achieved their THR and their SSS ≥ 4. 
 
Fig 2: Cardiovascular events rate in each categorized group. Group A: 
attained their target heart rate (THR) and their summed stress score (SSS) < 
4, Group B: not achieved their THR and their SSS < 4, Group C: attained 
their THR and their their SSS ≥ 4, and Group D: not achieved their THR 
and their SSS ≥ 4. 
 
Fig 3: Kaplan-Meier estimates for major cardiac events (cardiac death, 
non-fatal myocardial infarction, and heart failure required to 
hospitalization) according to classification by the SSS and the maximal 
heart rate during exercise testing. Group A: attained their target heart rate 
(THR) and their summed stress score (SSS) < 4, Group B: not achieved 
their THR and their SSS < 4, Group C: attained their THR and their their 
SSS ≥ 4, and Group D: not achieved their THR and their SSS ≥ 4. 
Enrolled Patients: 4,629








Final Analysis of  Subanalysis: 2,373
・ Stress by drug infusion: 1,210
・ Stress by drug and exercise: 26
・ Taking β blockade: 571
・ Lack of exercise data：8
with overlaps
1,658
A (n=631) B (n=612) C (n=570) D (n=560) P value
age 65±10 64±11 66±9 64±11 0.0007
gender male (%) 325 (51.5) 371 (60.6) 437 (76.7) 444 (79.2) <0.0001
BMI kg/m2 23.5±3.1 23.7±3.2 23.5±3.0 24.0±3.1 0.5845

























































































































































* p<0.01, ** p<0.05
major cardiac 
events




















































A   631         630        630         629        629         627        624         624        621         619        619   613
B   612         610        608         605        598         597        594         591        588         584        581   579
D   560         557        550         546        543         538        535         528        525         520        518   513
C   570         567        560         559        555         555        552         548        546         541        540   532
